Keywords: gastrin-releasing peptide receptor (GRP-R); bombesin receptor subtype-3 (BRS-3); neuromedin B receptor (NMB-R); light-dark (L-D) box test; elevated plus maze test; anxiety; emotion; knockout mice Bombesin (BN)-like peptides are involved in the regulation of a wide variety of behaviors, such as spontaneous activity and feeding. We assessed the role of BN-like peptides/receptors in emotional and/or anxietyrelated behavior using three strains of knockout mice, each deficient in a single BN-like peptide receptor (gastrin-releasing peptide receptor, bombesin receptor subtype-3, or neuromedin B receptor). Two representative behavioral paradigms, the light-dark (L-D) box test and the elevated plus maze test, were chosen for this purpose. In these two tests, the level of anxiety can be measured as the preference for exploring the light box, or the length of time spent in the open arms, respectively. By conventional parameters, the only significant finding was that BRS-3-deficient mice exhibited a longer duration of remaining in the open arms compared to the wild-type cohort (P Ͻ 0.01). However, analyses of risk assessment behavior revealed that BRS-3-deficient mice exhibited increased 'stretched attend posture' behavior (P Ͻ 0.01, compared to wild-type mice in both the L-D box and elevated plus maze tests) while NMB-Rdeficient mice exhibited decreased behavior (P Ͻ 0.05, compared to wild-type mice in both tests). These results suggest that BN-like peptides/receptors may play a role in modulating emotion including some forms of anxiety (eg, risk assessment behavior). Further, we found that the type of emotional behavior to which each of the peptide/receptor pathways contributes can be clearly specified. Molecular Psychiatry (2002) 7, 113-117. DOI: 10.1038/ sj/mp/4000974 Bombesin (BN) was originally purified from the skin of the European frog (Bombina bombina), 1 while the BNlike peptides gastrin-releasing peptide (GRP) and neuromedin B (NMB) were purified from mammalian tissues.
Bombesin (BN)-like peptides are involved in the regulation of a wide variety of behaviors, such as spontaneous activity and feeding. We assessed the role of BN-like peptides/receptors in emotional and/or anxietyrelated behavior using three strains of knockout mice, each deficient in a single BN-like peptide receptor (gastrin-releasing peptide receptor, bombesin receptor subtype-3, or neuromedin B receptor). Two representative behavioral paradigms, the light-dark (L-D) box test and the elevated plus maze test, were chosen for this purpose. In these two tests, the level of anxiety can be measured as the preference for exploring the light box, or the length of time spent in the open arms, respectively. By conventional parameters, the only significant finding was that BRS-3-deficient mice exhibited a longer duration of remaining in the open arms compared to the wild-type cohort (P Ͻ 0.01). However, analyses of risk assessment behavior revealed that BRS-3-deficient mice exhibited increased 'stretched attend posture' behavior (P Ͻ 0.01, compared to wild-type mice in both the L-D box and elevated plus maze tests) while NMB-Rdeficient mice exhibited decreased behavior (P Ͻ 0.05, compared to wild-type mice in both tests). These results suggest that BN-like peptides/receptors may play a role in modulating emotion including some forms of anxiety (eg, risk assessment behavior). Further, we found that the type of emotional behavior to which each of the peptide/receptor pathways contributes can be clearly specified. Molecular Psychiatry (2002) 7, 113-117. DOI: 10.1038/ sj/mp/4000974 Bombesin (BN) was originally purified from the skin of the European frog (Bombina bombina), 1 while the BNlike peptides gastrin-releasing peptide (GRP) and neuromedin B (NMB) were purified from mammalian tissues. 2, 3 These peptides exert their effects by binding to G-protein coupled receptors such as the GRP receptor (GRP-R), the NMB receptor (NMB-R), and the BN receptor subtype-3 (BRS-3) for which no specific endogenous ligand(s) has yet been identified. 4, 5 BN-like peptides and their receptors are widely distributed in the mammalian CNS and modulate many aspects of behavior such as spontaneous activity and feeding behavior, as well as learning and memory. [6] [7] [8] [9] We previously produced three strains of BN-like peptide receptor knockout mice using a gene targeting strategy. The resulting GRP-R-, NMB-R-and BRS-3-deficient mice were used in studies designed to clarify and distinguish the functional properties of BN-like peptides. These knockout mice exhibit unique phenotypes, such as elevated spontaneous activity and non-aggressive social behaviors in GRP-R-deficient mice.
10-12 BRS-3-deficient mice exhibit moderate hyperphagia and obesity, 13 altered taste-related behaviors, 14 and decreased social behavior. 15 However, no behavioral phenotype has yet been identified for NMB-R-deficient mice. 16 The behavioral analyses conducted thus far indicate that BN-like peptides/receptors may play important roles in modulating emotional behavior including some anxiety-related behavior in mammals. Therefore, in the present study, we assessed and compared properties of emotion and anxiety in our three strains of BN-like peptide receptor-deficient mice using the L-D box test as well as the elevated plus maze test. [17] [18] [19] [20] In the L-D box test, rats and mice usually avoid remaining in the light compartment. Therefore, the level of anxiety can be measured as the latency in moving into the light-compartment and/or the duration of staying in the light-compartment. Similarly, in the elevated plus maze test, the number of entrances into and/or the length of time spent in the 'open arms' are used as indices of anxiety. Furthermore, we also assessed some ethological indices (eg risk assessment behavior to assess anxiety, grooming behavior to assess nonspecific emotional state, and so on), in light of a recent proposal that suggests these indices should also be considered in such studies to support the classical methods. Table 1 shows the results of the light-dark box test and the elevated plus maze test. In the L-D box test, there were no significant differences between mutant mice and their wild-type littermates with respect to the conventional parameters such as dark-light (D-L) lat- ency and the duration of staying in the light compartment. However, in the analysis of risk assessment behavior (stretched attend posture), BRS-3-deficient mice exhibited such behavior significantly more frequently than wild-type littermates (U = 6.5, P Ͻ 0.01, two-tailed Mann-Whitney's U-test). In contrast, NMB-R-deficient mice exhibited a significant decrease in risk assessment behavior relative to the wild-type cohort (U = 7, P Ͻ 0.05, two-tailed Mann-Whitney's U-test). However, as with the conventional parameters, there was no significant difference between GRP-R-deficient mice and their wild-type cohort in risk assessment behavior. Similar to the results of the L-D box test, the analyses of risk assessment behavior from the elevated plus maze test revealed that BRS-3-deficient mice displayed increased frequency of the stretched attend posture relative to the wild-type cohort (U = 10, P Ͻ 0.01, twotailed Mann-Whitney's U-test), while NMB-R-deficient mice displayed a relative decrease in the frequency of this posture (U = 13.5, P Ͻ 0.05, two-tailed MannWhitney's U-test). Furthermore, in the conventional parameters, BRS-3-deficient mice exhibited a longer duration of remaining in the open arms (Time Spent in Open Arm, and % Time Spent in Open Arm) compared to the wild-type cohort (U = 2, P Ͻ 0.01; U = 2, P Ͻ 0.01, two-tailed Mann-Whitney's U-test, respectively). However, neither BRS-3-nor NMB-Rdeficient mice exhibited a significant difference in ethological indices other than risk assessment behavior (eg, grooming behavior). Again, as in the light-dark box test, GRP-R-deficient mice showed no altered risk assessment behavior or other behaviors in the elevated plus maze test.
In summary, in the present study we examined the properties of emotion and/or anxiety in three strains of BN-like peptide receptor knockout mice using the L-D box test and the elevated plus maze test. In the L-D box test, the conventional parameters were not significantly different between the knockout mice and their wildtype counterparts. Similarly, in the elevated plus maze test only BRS-3-deficient mice exhibited some decrease in anxiety as measured by conventional parameters. These results suggest that GRP-R-and NMB-R-deficient mice are not abnormally anxious, and that BRS-3-deficient mice exhibit reduced properties of anxiety.
BRS-3-deficient and NMB-R-deficient mice exhibited altered risk assessment behavior in both the L-D and elevated plus maze tests. BRS-3-deficient mice exhibited an increase in the frequency of the stretched attend posture, whereas NMB-R-deficient mice exhibited decreased frequency for this behavior (see Table 1 ). Although risk assessment behavior has yet to gain broad consent as a behavioral index of anxiety, there are reports that this behavior may reflect some emotional state of animals. 21, 22 Therefore, our results suggest that the NMB/NMB-R pathway modulates some forms of emotion (perhaps including anxiety) in a manner opposite to that of the BRS-3 pathway. In contrast to the results for these two knockout strains, GRP-R-deficient mice showed no significant difference in either risk assessment behavior or conventional anxiety parameters compared to their wild-type cohort. Therefore, the GRP/GRP-R pathway may not impact this type of anxiety and/or emotional behavior.
Previously, we reported the social response in these three strains of BN-like peptide receptor deficient mice using an ordinal resident-intruder test paradigm. GRP-R-deficient mice exhibited increased social response, 11, 12 whereas BRS-3-deficient mice exhibited a decrease in such behavior. 15 In contrast to these results, NMB-R-deficient mice did not show altered social response. 16 Table 2 summarizes non-aggressive social behavior, anxiety-related behavior, and risk assessment behavior in the three strains of BN-like peptide receptor knockout mice. The frequency of non-aggressive social behavior in a social interaction situation may reflect a level of emotion other than anxiety as measured by the L-D box and the elevated plus maze tests. In contrast to our present results, GRP-R-deficient mice and BRS-3-deficient mice exhibited altered behavior to the intruder in the social environment, 11, 12, 15 suggesting that the GRP/GRP-R pathway and BRS-3 pathway act in opposition with respect to modulating emotional behavior aroused by social stimuli.
Pharmacological studies report that exogenously administered BN-like peptides may affect an animal's emotional state (eg, an increase in scratching/grooming behavior). 23, 24 However, no change in these behaviors was observed in our previous studies. [10] [11] [12] [13] [14] [15] [16] Here, we also assessed grooming as well as other behaviors using ethological indices. Again, as in the open field test and/or the social interaction test situation, none of knockout mice exhibited changes in these behaviors using the elevated plus maze test. This discrepancy between the pharmacological studies and knockout mice studies suggests that the pharmacological effects of BN-like peptides are not consistent with the physiological function of these peptides. Moreover, the absence of change in these behaviors may provide additional evidence in support of the idea that the type of emotional behavior to which each of the peptide/receptor pathways contributes can be specified.
Studies report that BN-like peptide/receptor pathways may modulate neurotransmission related to emotion. The NMB/NMB-R system and GRP/GRP-R system are involved in the regulation of the 5-HT system and/or stress response. 25, 26 Further, the GRP/GRP-R system may interact with the GABA A /benzodiazepine 27 Our results indicate that the BN-like peptide/receptor pathway may be involved in modulating emotion in animals, and that each of the three pathways we examined may differentially affect emotion. There is a great need to clarify the neural and psychological mechanisms of anxiety and emotional behavior, and to establish therapeutics for these abnormalities. Our present data indicate that BN-like peptide/receptor systems may represent risk factors for psychiatric disease. Further behavioral, biochemical and molecular biological analyses are required to clarify the role of the BN-like peptide/receptor systems in the neurotransmission aspects of emotion.
Methods

Housing and experimental conditions
Animals were housed and all experiments were conducted in a temperature-and humidity-controlled environment (23 ± 2°C, 60 ± 5%). The light-dark cycle was 12 h:12 h (lights on at 0800). Subject mice were housed individually in ordinary plastic caging (JCL Inc, Japan, CL-0103-1pc, 190 × ෂ260 × ෂ125(H) mm, with wood shavings) for one month before experimentation. Ordinary laboratory chow (JCL Inc, CE-2, 342.2 kcal per 100 g) and water were freely available to mice except during experimental trials. All experiments were performed during the light cycle between 1300 and 1700.
Animals
All subject mice were bred in our laboratory. Male mice were used as subjects to maintain consistency with previous studies that used male subjects to assess risk assessment behavior. 21, 22 As the GRP-R and the BRS-3 genes are located on chromosome X, male GRP-R-deficient mice, BRS-3-deficient mice and their wildtype littermates were obtained by mating a GRP-R (or BRS-3) heterozygous female (+/−) with a male C57BL/6J (JCL Inc). On the other hand, since the NMB-R gene is located on an autosome, male and female NMB-R heterozygotes (+/−) were mated to obtain male NMB-R-deficient mice and wild-type littermates. The generation, the number, the age, and the body weights of the experimental animals are summarized in Table 3 .
All animal experiments were performed in strict accordance with the guidelines of the National Institute of Neuroscience, National Center of Neurology and Psychiatry (Japan), and were approved by the Animal Investigation Committee of the Institute.
Apparatus
A two-compartment light-dark (L-D) box (Muromachi Kikai, Japan) was used to measure exploratory behaviors. The light compartment (9 × 9.5 × 14 (H) cm) consisted of white Plexiglas walls and a clear Plexiglas ceiling, while both the walls and ceiling of the dark compartment (14 × 10.5 × 14 (H) cm) were made of black Plexiglas. A 5 × 5 cm sliding door connected the two compartments. The floor of both two compart- NMB-R-deficient and wild-type mice (F9 × F9) 6 months of age NMB-R-deficient n = 7 (34.9 ± 2.0 g) n = 8 (34.3 ± 1.1 g) mice wild-type mice n = 6 (37.6 ± 2.3 g) n = 8 (33.5 ± 1.5 g)
Mean ± SEM; *backcrossed 12 times to C57BL/6J.
ments was constructed of stainless steel rods parallel to the sliding door (5 mm diameter, spaced 10 mm apart).
The elevated plus maze (Muromachi Kikai, Japan) was constructed of brown smoke Plexiglas and consisted of a central 9 × 9-cm platform and four arms radiating from that platform in the shape of a plus. Two opposite arms were open (30 × 6 cm; length × width) and the other two arms (30 × 6 cm) were opposite each other and enclosed by 15-cm high walls (including the end of the arm) with an open top. The maze floor was covered with black rubber and a slight raised edge (5 mm) was placed around the perimeter of the open arms to provide additional grip for the animals. The entire apparatus was elevated to a height of 40 cm above floor level.
Light-dark box test
The L-D box test was performed on mice following acclimation to individual housing. Mice were placed individually into the dark compartment of the L-D box, and after the ceiling was shut, the sliding door was opened. Then mice were left to explore the L-D box for 5 min during which the following parameters were measured: latency to enter the light compartment, number of entrances into and duration of staying in the light compartment, and risk assessment behavior (stretched attend posture). Risk assessment behavior was defined as the exploratory posture where the mouse stretches its body and enters its nose and/or head into the light compartment, and then retracts to the dark compartment without its forepaws stepping into the light compartment. After each trial, the apparatus was cleaned with 70% alcohol to remove any residual odor of the prior mice due to urine, feces, or sebum.
Elevated plus maze test
To initiate the elevated plus maze test, an animal was placed on the central platform of the maze facing an open arm. A standard test of 5-min duration was employed and the maze was thoroughly cleaned between tests with damp towels and 70% alcohol to remove any residual odor of the prior mice due to urine, feces, or sebum. Behavior was measured both manually during the experiment and later from videotape (the video camera was positioned ෂ1 m above the maze at an angle of ෂ50°relative to the platform and closed arms; and the camera was controlled manually).
Behavioral indices used in this study were modified from Dalivi & Rodgers 21 and consisted of the frequency and the ratio (%) of open and closed arm entries (arm entry defined as all four paws into an arm), and the duration of staying in the open and closed arms of the maze. In addition to these parameters, the following ethologically derived measures were recorded and analyzed: the frequency of rearing and leaning on the wall (mice stand on hind paws with/without leaning on the wall of the maze); the frequency of stretched attend posture (exploratory posture where the mouse stretches forward and then retracts to its original position without moving forward); the frequency of sniffing (olfactory exploration of the maze floor and walls, and air sampling); the frequency of grooming (washing face with forepaws, scratching/grooming its fur with hind paws); the frequency of flatback approach behavior (exploratory locomotion where the animal stretches to its full length and cautiously moves forward); the frequency of step back behavior (mouse moves forward, then steps back to the previous position without turning its body); and the duration of immobility (no visible exploration, locomotion, and sniffing, but not including 'freezing' in which animals become rigid).
The frequency of open and closed arm entry and the time spent in open and closed arms were measured manually, and the other behaviors were scored by VTR analysis. Videotapes were analyzed at least three times by two highly trained observers who were unaware of each animal's experimental designation. Median scores were used for statistical analyses.
